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Abstract. 2014 Grain-boundary induced hardening mechanisms are illustrated by recent observations in silicon bicrystals. Basic features of grain boundary structure and grain boundary dislocations are given in the case of the 03A3 = 9 twin boundary. The dissociation of dislocations in grain boundaries and the possibility of direct dislocation transmission from one crystal to the other across the interface are discussed. At moderate temperatures, such mechanisms are difficult and not able to prevent the formation of work hardened regions in the neighbourhood of grain boundaries, right at the onset of plastic deformation. Those regions contain networks with Lomer-Cottrell locks and show evidence of profuse cross-slip. Large stress concentrations arise, that may be against the applied stress. The relevance of these findings for other kinds of grain boundaries and other materials is briefly discussed.
Introduction
Grain boundaries play an important part in the strength of materials. Yet, although extensive work hàs been done on single crystals as well as on grain boundaries, predicting the mechanical properties of a polycrystalline aggregate from his knowledge on single crystal plasticity is still a challenge to the materials scientist.
There is little doubt that a most important problem in polycrystals is the need for maintaining the cohesion between grains when deformation proceeds. As these compatibility problems are assumed to be thoroughly dealt with by C. Rey in this conference, the emphasis here is put on microscopic aspects of the problem, namely interactions and reactions of dislocations with grain boundaries.
Since grain boundaries introduce some discontinuity in both the geometry of slip and elastic properties, interaction with the dislocations which carry slip within the grains is unavoidable. There are various ways in which grain boundaries can modify dislocation dynamics and dislocation distributions : Because of the crystallographic discontinuity, grain boundaries are primarily assumed to hinder disloca-REVUE DE PHYSIQUE APPLIQUÉE. -T. 23 , N° 4 , AVRIL 1988 tion motion and to act as obstacles. A [2] , Smith [3] , Priester [4] or Lim and Raj [5] There is no need here for a rigorous treatment of these crystallographic features (see [12, 13] Figure 6 . In this micrograph, the two grains of a E = 9 bi- Figure 10 .
The information contained in the equal shear curve was twofold : (i) the As pointed out before, for a symmetrical bicrystal subjected to symmetrical loading, plastic compatibility is ensured provided that the deformation proceeds homogeneously in both grains. Our purpose is to demonstrate that even in this highly favourable and simple situation, the inhomogeneity of plastic deformation at the microscopic scale creates quite involved dislocation arrangements near the grain boundary.
In the present experiments, initially dislocationfree bicrystals were strained at an imposed constant strain rate. As in single crystals, a stress peak was observed with a maximum defined as the upper yield stress, Tuy, and a minimum defined as the lower yield stress, Toy
At the beginning of straining, the stress increases very rapidly since no dislocations are available. Above some stress level, dislocations mutliply in an "avalanche" type process. This sudden increase of the mobile dislocation density allows the imposed strain rate to be achieved under a reduced applied stress, which controls the dislocation velocity. Internal stresses due to dislocation-dislocation interactions also increase with the dislocation density and a minimum flow stress is soon attained.
TEM observations to be reported below were made in bicrystals deformed between the upper and the lower yield point, in order to avoid a too high dislocation density near grain boundaries [27] . At Only grain boundary mechanisms, i.e. absorption and transmission, depend on the kind of grain boundary which is considered. ' We feel, however, that dislocation transmission across grain boundaries is not important for the cold deformation of polycrystals, since this process was observed to be very difficult in the highly favourable situation of the Z = 9 boundary (one commor. Burgers vector and good matching of slip planes).
Naturally, this conclusion should not apply for dislocation crossing of subgrain boundaries, which can be important under creep conditions. Absorption of dislocations could be easier in grain boundaries with a smaller degree of coincidence than the "special" E = 9. In "general" boundaries, dislocation Burgers vectors may be very small and the term "absorption" could mean that dislocations really lose most of their discreteness in the boundary. The absorption process would be increasingly important when temperature is increased. We feel that in cold deformation it is of little importance, except may be to prevent crack formation at grain boundaries, through localized rearrangement of atoms at the head of a pile up for example. 
